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CROSS REFERENCES TO RE^TfcP' APPLICATIONS 
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20030691. Filed Mav 8. 2003. 
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BACKGROUND OF THE INVENTION 
[00031 The invention relates to a method [ according t o t h e pr e ambl e of claim 1] 
in the treatment of surface-sized paper, in particular fine paper in a finishing section 
of a paper machine. [Th e inven t ion als o r e lat e s t o a m et hod according to t h e 
preamble of claim 4. 

Jin addition, the invention relates to a finishing section of a paper machine 
[according t o the preamble of claim 11 ] for treating surface-sized paper, in 
particular fine paper. [ The inv e n t i o n also rela t es to a finishing s e c t ion o f a paper 
machin e acc o rding t o t h e p r e ambl e of claim 15.] 

[00041 f 

t_As known in the prior art, multi-cylinder dryers of a paper machine employ ftwtn= 
wtrettwin-wire draw and/or single-wire draw. In twin-wire draw, the groups of 
drying cylinders comprise two wires which press the web, one from above and the 
other one from below, against heated cylinder surfaces. Between the rows of drying 
cylinders, which are usually horizontal rows, the web has free and unsupported 
draws which are susceptible to fluttering, which may cause web breaks, in particular 
as the web is still relatively moist and, therefore, has a low strength.f-J Therefore, 
ever increasing use has recently been made of said single- wire draw in which each 
group of drying cylinders comprises only one drying wire on whose support the web 
runs through the entire group so that the drying wire presses the web against the 
heated cylinder surfaces of the drying cylinders and the web remains at the side of 
the outside curve of the reversing cylinders or rolls situated between the drying 
cylinders. Thus, in single-wire draw, the drying cylinders are arranged outside the 
wire loop, and the reversing cylinders or rolls are arranged inside the loop. 

[00051 In the prior-art so-called normal single-wire draw groups, the heated drying 
cylinders are placed in the upper row and the reversing cylinders are placed in the 
lower row, which rows are generally horizontal and parallel to each other. When the 
terms f 11 nor mall "normal (drying) groutrPH" and [ 11 inver te d! "inverted (drying) 
groupf^^are used in the following, they specifically refer to the above kind of 
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single-wire draw groups of multi-cylinder dryers. 



[00061 From the prior art it is also known to dry the paper web by means of 
contact-free drying. One contact-free drying method is airborne web-drying and, 
with respect to the prior art relating thereto, reference is made to FI patents 98944 
and 107623. Impingement drying is also contact-free drying and, with respect to the 
prior art relating thereto, reference may be made, for example, to FI patent 
application 20002429 and to FI patent 106269. 

[00071 W hen paper is dried by means of normal single- wire draw groups from its 
bottom side and if this kind of asymmetric drying is extended over the entire length 
of the forward dryer section, the drying takes place such that the bottom surface side 
of the paper web dries first and with the progress of drying the drying effect also 
spreads to the top surface side of the paper web. The thus dried paper generally has a 
tendency of curling because of asymmetric drying. 

[00081 As known in the art, the tendency of curling of paper is already affected in 
connection with the forming of the web, in particular in the sheet forming stage by 
the selection of a speed difference between the slice jet and the wire and by other 
running parameters. However, in paper machines, in particular in fine paper 
machines in which there is a single-wire draw in the major part of the length of the 
dryer section, other arrangements must also be applied in practice with a view to 
controlling the tendency of curling of paper in order that drying might be made 
sufficiently symmetric in the z-direction. 

[00091 From the prior art it is thus known that paper curls if it is moistened from 
one side and dried from one or two sides or if paper of equal moisture is dried from 
one side. It is also known that the curl of paper can be controlled by means of an air 
dryer placed on one side, for example, by means of an impingement hood or cylinder 
drying from one side. When paper is dried from one side, the paper dries and curls to 
the dried side and the curl can also be controlled by moistening the other side of the 
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paper by means of a moistening device and by drying it, whereby the paper is 
straightened. 

fOOlOl For the purpose described above, different finishing groups for paper, in 
particular for fine paper have been disclosed, among other things, in fthe 
appiicant ^M etso Paper. Inc.'s Flf-tpatent 98387. 

[00 111 With respect to the prior art, reference is also made to FI patent 101987, 
which discloses a method for drying surface-treated paper, in particular fine paper, in 
which method a paper web is first dried in a forward dryer section of a paper 
machine by means of several successive downward open single- wire draw groups on 
support of a drying wire, after which the paper web is finished in a finishing section, 
in which finishing section the web is surface-sized or coated. In the method, in the 
finishing section, hot moist air is supplied into connection with the drying groups to 
suppress evaporation or hot dry air to promote evaporation at desired sites on the 
desired side of the web with respect to control of curl, so that the tendency of curling 
of the paper web created in the paper web in the forward dryer section can be 
substantially eliminated and/or compensated. 

[00121 With respect to the prior art, reference may also be made to FI patent 
105935, which discloses a method for drying paper, which method comprises the 
following stages: a) the paper web that is being dried is passed from a press section 
to a forward dryer section, in which the paper web is dried from the side of its 
bottom surface in dryer groups that apply normal single- wire draw, which forward 
dryer section comprises only single- wire draw groups that apply normal single- wire 
draw, b) the paper web is passed from the forward dryer section to a finishing 
section, in which the paper web is coated/surface-sized by a coating/surface-sizing 
apparatus, dried in an after-dryer section, in which the paper web is dried in at least 
one drying group that applies normal single wire draw, after which the paper web is 
calendered in a calender and passed to a reeling station, in which the paper web is 
wound into a machine reel. In the method, the curl of the paper web is controlled by 
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means of at least one steam box in at least the area of the finishing section, the effect 
of said steam box being enhanced by cooling the web before said steam box, and in 
the method the curl of the paper web is controlled by elements and/or assemblies and 
combinations formed of said elements in at least the area of the finishing section. 

[00131 Further, with respect to the prior art, reference may be made to FI patent 
101488, which discloses a method for drying a surface-treated paper web or 
equivalent in an after-dryer section of a paper machine, in which method the paper 
web is first finished in a finishing section, in which finishing section the paper web 
is [surface- sized I surface-sized or coated on both sides by means of a finishing 
device, after which the paper web is dried. In the after-dryer section the paper web is 
dried in a drying group/drying groups that apply only normal single- wire draw and in 
connection with or after the drying the paper web is treated by a device/devices to 
compensate for the tendency of curling of the paper web. 

[00141 With respect to the prior art, reference may also be made to FI patent 
106270, which discloses a method for drying a surface-treated paper web or 
equivalent in an after-dryer section of a paper machine, in which method the paper 
web is first finished in a finishing section, in which finishing section the paper web 
is [surface- sized I surface-sized or coated by a finishing device, after which the 
paper web is dried. In the finishing section, the paper web is dried in at least one 
drying group that applies single- wire draw and, at the same time, the paper web is 
dried by an impingement apparatus disposed in connection with at least one cylinder 
or roll of said drying group, 
f 
t 
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SUMMARY OF THE INVENTION 
[00151 One object of the invention is to develop further the arrangements 
described above such that the tendency of curling of paper can be controlled in an 
after-dryer section more effectively than before. 

5 [00161 One problem with the arrangements known from the prior art is that the 
strong tendency of curling of paper dried in the forward dryer section in the 
downward open drying groups that apply single-wire draw and the stresses produced 
by it are not fully relaxed with the moistening caused by surface-sizing, in particular 
when changing to the use of surface-sizes with increasingly higher dry solids. One 
10 object of the invention is to provide an arrangement which makes it possible even in 
such a situation to eliminate or at least minimize the tendency of curling of the paper 
web. 

[00171 O ne object of the invention is to propose a new arrangement for a method 
of finishing paper, in particular surface-sized fine paper, in which the problems 
15 associated with the curling of paper are eliminated or at least minimized. 

[Wi t h a vi e w t o achi e ving the obj e cts d e scrib e d ab o ve and those comiiig -tmt 
la t er, t he me t h o d acc o rding t o t he inven t i o n is mainly charac te rized by wha t is 
s t a t ed in t he charac te rizing par t o f claim 1. 

The m et hod acc o rding to t he inv e n t ion is mainly charac te rized by wha t is 

20 sta te d in th e characterizing par t o f claim 8. 

Th e finishing secti o n o f a pap e r machin e acc o rding to t he inv e n t ion is in t urn 
mainly charac te rized by wha t is s t a te d in t h e charac t erizing p art o f claim 11. 
In addi t ion, t he finishing s e c t i o n of a paper machin e acc o rding to th e inv e ntion 
is mainly charact e rized by wha t is s t a t ed in t h e charac te rizing part of claim 15, 

25 1100181 The invention relates to a paper machine in which downward open drying 
groups that apply single-wire draw are used in a forward dryer section, so that a 
tendency of curling is created in the paper web, or in which paper machine at the end 
of a forward dryer section there are also drying groups that apply twin-wire draw, in 
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which case the need for curl control is actually smaller. After the forward dryer 
section, the paper web is surface-sized, after which the paper web is dried in an 
after-dryer section of a finishing section mainly by means of contact-free drying; 
airborne web-drying and/or air drying and/or impingement drying and/or infrared 
drying. Hereafter, the term [ f af te r-diying ! 1 "after-drviiig" is also used foffto 
describe the drying of the after-dryer section, that ilrerte advantageously at least 60 
f'KH percent most appropriately at least 75 -FKri percent even as much as 90f=t = 100 
f% tpercent of the power needed for evaporation of the water amount between the 
moisture after surface-sizing and the final moisture contained in the web is produced 
by contact- free drying. 

100191 T he invention is also suitable for use in connection with a finishing section 
of a paper machine which uses cylinder drying in addition to contact-free drying, 
however, [so t ha t ] at least part of the drying takes place by means of contact-free 
drying. 

[00201 In one advantageous embodiment of the invention, at least part of the 
contact- free drying is accomplished by airborne web-drying in which the power of 
airborne web-dryers placed on the different sides of the web is adjustable in order 
that the stresses possibly not relaxed during surface-sizing and the curling tendency 
left by them may be further compensated for. The proportion of airborne web-drying 
in the after-drying is at least 60 f% tpercent most appropriately at least 70 
f% ipercent even as much as 90f^ = 100 f% tpercent In connection with the 
invention, as contact- free drying it is also possible to use contact-free drying 
produced by an infrared dryer without control of curl and to dry, for example, 10 
f% tpercent of the after-drying by an infrared dryer. In connection with the invention 
it is also possible to use heating cylinders as cylinders of a holding group, in which 
connection they can be used for controlling curl on the bottom side of the web or 
only for raising drying power. In that case, about 10f-=-}-20 f Wpercent of the water 
dried in after-drying can be evaporated by means of the holding group cylinders. 
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[00211 In another advantageous embodiment of the invention, at least part of the 
[aft e r- dryiiigl after-drying is also accomplished on the basis of impingement 
drying, in which connection impingement units provided with curl control are 
advantageously used. In that case, the proportion of the drying achieved by 
impingement is at least 50 f% tpercent of the after-drying, most appropriately 70 
f% tpercent or even as much as 90 -PM rtpercent . Curl can then be taken into account 
by dimensioning the portions of the impingement drying applied to the different 
sides of the web so that they are, for example, of unequal length, i. e. more top-side 
drying in the after-dryer section for paper [pre- dri e d I pre-dried from the bottom 
side, so that the speeds and temperatures of the blows used in the impingement units 
still remain as a curl control allowance. 



[00221 In accordance with a further advantageous embodiment of the invention, it 
is possible to use different combinations of airborne web-drying and impingement 
drying to build a suitable contact-free after-dryer section that controls curl. 

[00231 In accordance with one advantageous embodiment of the invention, in 
addition to airborne web-drying, normal drying cylinder groups applying single-wire 
draw are used in which drying takes place as contact drying. In this kind of 
embodiment, the web is advantageously dried first by airborne web-drying, then by 
cylinder drying and after that again by airborne web-drying. By this means, the 
tendency to curling created in the forward dryer section can also be controlled at a 
high speed and when the final drying takes place as airborne web-drying from both 
sides of the web, so high a moisture gradient cannot be produced in the paper web as 
in totally one-sided drying. The drying of the web from both sides also offers more 
possibilities of regulation for controlling the tendency of curling. 

[00241 In accordance with one advantageous embodiment of the invention, in the 
finishing section of a paper machine, airborne web-drying and impingement drying 
are used in the after-drying as contact-free drying and, in addition to this, normal 
cylinder drying that applies single-wire draw. In this embodiment, impingement 



Page 10 of 24 



drying is advantageously accomplished as vertical drying, so that the after-dryer 
section is easily provided with enough impingement drying length. In this 
advantageous embodiment of the invention, airborne web-drying makes it possible 
to dry the web from both sides, thus allowing its susceptibility to curling to be 
controlled by adjusting the parameters of the airborne web-dryers and, when cylinder 
drying and impingement take place on different surfaces of the web, the web can be 
dried from both sides and, by regulating the power of impingement, it is possible to 
control the tendency of curling. 

[00251 The method and the paper machine in accordance with the invention make 
it possible to control the tendency to curling created in the forward dryer section 
with single-wire draw. 

[00261 In accordance with the invention, the after-dryer section thus uses a 
surface-sizing technique and contact- free drying, of which at least part is airborne 
web-drying or impingement drying, for control of curl. By this means, the tendency 
of curling of the web can be eliminated. In the invention, airborne or impingement 
dryers are used which are placed on both sides of the web and in which the dryers of 
both sides, i.e. the drying ratio between the different sides, can be adjusted 
separately, so that the web can be dried in a manner as required by the elimination of 
the tendency of curling. Advantageously, it is possible to use dryers that also make it 
possible to profile the drying power in the cross direction of the web, thereby also 
enabling the curl profile to be affected, for example, by adjusting blowing speeds 
and/or blowing temperature in the cross direction of the web. 

[00271 T he nozzle arrangement of the airborne web-dryers used in connection with 
an advantageous embodiment of the invention is advantageously asymmetric with 
respect to the top and bottom sides of the web, so that heat transfer can be made 
asymmetric, thus not losing drying power because of control of curl, but the nozzle 
arrangement that takes into account an assumed basic curl still leaves full curl 
control power for use. Alternatively, in connection with the invention it is possible 
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to operate also with a smaller curl control power, for example, with one adjustable 
airborne web-drying unit. 

[00281 Cylinder drying is not necessarily used in the after-dryer section in 
accordance with the invention, but possible cylinder/roll groups must be placed in 
the [aft e r^- dry e rl after-drver section to serve as web holding groups also for 
providing and improving the runnability of the web. However, the cylinders of said 
holding group can be used for increasing drying power, even though they are situated 
on the wrong side of the web from the viewpoint of curl. The cylinders that dry the 
bottom surface of the web can, however, be also used in the control of curl as a 
control allowance for the opposite side. 

[00291 In those embodiments of the invention in which cylinder drying is used in 
the after-dryer section of the finishing section, by regulating the power of drying 
cylinders it is possible to regulate the intensity of the drying that takes place by 
means of contact drying as compared to contact-free drying in after-drying, so that 
curl can also be controlled by means of cylinder drying parameters. 

[00301 In one advantageous embodiment of the invention, the drying after 
surface-sizing in the after-dryer section has been arranged mainly by means of 
airborne web-dryers -- the drying accomplished by the airborne web-dryers being at 
least 60 FMr tpercent most appropriately 70 f%-^ tpercent~ which airborne 
web-dryers are placed on both sides of the web, so that the asymmetric drying 
produced in the forward dryer section can be corrected, when the airborne 
web-dryers placed on both sides of the web have separate control of drying power, 
advantageously control of blowing speed and/or temperature. 

[00311 In accordance with another advantageous exemplifying embodiment of the 
invention, surface-sized paper is dried by air dryers which are placed on both sides 
of the web and in which the temperatures and blowing speeds of the different sides 
are advantageously regulated separately. In this advantageous embodiment of the 
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invention, curl is controlled by a two-sided dryer whose different sides can be 
adjusted independently of each other, thereby avoiding the use of moistening water 
and the considerable drying costs caused by it. 

[00321 In accordance with one advantageous exemplifying embodiment of the 
invention, the control of curl in the after-dryer section is assisted, when needed, with 
a steam box, which steam box can be used, for example, such that if the paper is 
naturally straight, the steam box is not used because there is no need for control of 
curl. If the paper web curls with its edges upwards, as is the most common tendency 
after a forward dryer section with single-wire draw, the steam box is used, and if the 
paper web tends to curl with its edges downwards, for example, the cylinders of a 
holding group of the after-dryer section are used. The steam box is advantageously 
placed in a position immediately before a reel-up, where the web is colder than in 
the dryer section, and it is not needed much because drying has mainly taken place 
by means of contact-free drying. 

[00331 In accordance with one advantageous embodiment of the invention, 
impingement drying is used for contact- free drying and with respect to the prior art 
relating thereto reference may be made to [ t h e applicant sl Metso Paper. Inc.'s FI 
patent application 20002429 disclosing arrangements for paper with no surface size 
and to the [applican t 1 si Metso Paper. Inc.'s FI patent 106269 disclosing 
impingement arrangements which are applied to the forward/after-dryer section and 
whose applications can be made use of in connection with the invention.!— } 

[00341 In accordance with one additional feature of the invention, as a possibility 
of control is used impingement drying in which an impingement drying unit is 
arranged, for example, in connection with a reversing cylinder or a grooved guide 
roll or a suction roll or a suction cylinder, advantageously a suction cylinder of the 
type marketed by [ t h e a pp lican t l Metso Paper. Inc. under the trademark VAC 
ROLL. The impingement drying units used in connection with the invention may 
also be I so- called! so-called vertical impingement units, the details of which are 
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described in greater detail, for example, in [th e a pp lican t 'sl Metso Paper. Inc.'s 

above-mentioned FI patent application 20002429. 



[00351 When needed, possible curl in a paper that has been lightly coated with a 
[size- pi ess 1 s ize- press or by other means can also be corrected in the manner 
described above. However, the control of curl in coating is usually not necessary, but 
when changing to thin coatings with higher dry solids, it may become necessary to 
do so with possibly further slight calendering (which also has a curl controlling 
effect). In coated paper it is then possible to control the movements of water in the 
paper with a view to also reducing the smoothness two-sidedness caused by fibre 
roughening in the paper and the dusting caused by binder migration. 

[00361 In the following, the invention will be described in greater detail with 
reference to the figures of the appended drawing, but the invention is by no means 
meant to be narrowly limited to the details of them, 
t 

Figur e ] 



Page 14 of 24 



BRIEF DESCRIPTION OF THE DRAWINGS 

[00371 FIG. 1 is a schematic view of one embodiment of the invention. 

[Figur e l [00381 FIG. 2 is a schematic view of another embodiment of the 
invention. 

[Figur e l [00391 FIG. 3 is a schematic view of a further embodiment of the 
invention. 

[Figurel [00401 FIG. 4 is a schematic view of a further embodiment of the 
invention. 

[Figur e l [00411 FIG. 5 is a schematic view of a further embodiment of the 
invention. 

[Figur e l [00421 FIG. 6 is a schematic view of a further embodiment of the 
invention. 

[Figur e l [00431 FIG. 7 is a schematic view of a further embodiment of the 
invention. 

[Figurel [00441 FIG. 8 is a schematic view of a further embodiment of the 

invention. 

f 

t 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[00451 In fFigstFIGS. lf=f = 8, the same reference numerals are used of parts that 
correspond to one another, unless stated otherwise, f- 

tFfffilG. 1 is a schematic view of one embodiment of the invention in which a paper 
web W is passed from a forward dryer section (not shown) to a surface-sizing station 
20, in which the paper web W is surface-sized on both sides in a nip between rolls 
22, 23, in which nip the web W becomes moist on both sides because of an aqueous 
surface-sizing agent. In that connection, the web asymmetrically dried in the forward 
dryer section and tending to curl is treated so that it will be in a state in which its 
internal stresses relax or at least diminish. The surface-sizing agent is passed onto 
the surface-sizing rolls 22, 23 from a feed device 21, 24. After that the web W is 
passed to contact-free drying and the web W is first dried by airborne web-drying 
devices 31, 32 placed on both sides of the web. After that the web is passed over a 
cylinder or roll 33 and its top surface is dried by impingement drying by means of a 
drying air flow fed from an impingement hood 34. After that there are airborne 
web-drying units 35, 36, by which the web is dried further from both sides. After 
that the web is passed to a holding group formed of two cylinders/rolls 41, 42 and 
comprising a wire 46 which supports the run of the web while it runs on the cylinder 
42. A steam box 45 is arranged in connection with the holding group for further 
control of the tendency of curling, when needed. Frame structures and foundations 
are denoted with the reference numeral 10. 

f 
t 

[00461 I n the exemplifying embodiment shown in FftgHG. 2, the initial part of the 
embodiment corresponds to FfigJIG. 1 . After the holding group 40, the web is 
passed over a cylinder 43 further to another contact- free drying step, in which there 
are first airborne web-drying units 51,52 that dry the web from both sides. After this 
there is a cylinder or roll 53 over which the web is passed and, at the same time, it is 
dried from the side of the top surface by impingement drying by means of 
impingement drying air blows produced from an impingement hood 54. After that 
the web is passed further between airborne web-drying units 55, 56, where the web 



Page 16 of 24 



is dried from its both sides and after which there is a second holding group 60, 
which comprises cylinders/rolls 61, 62 and a wire 66 supporting the web on the 
cylinder 62, as well as a steam box 65 arranged in connection with the holding 
group, which steam box makes it possible to further control the tendency of curling 
of the web, when needed. 

[00471 In the embodiments shown in fFtgs tFIGS . 1 and 2, the airborne 
web-drying units 31, 32, 35, 36, 55, 56 can be controlled such that the drying power 
of the web can be regulated on its different sides, whereby the tendency of curling of 
the web possibly remaining in the web after surface-sizing can be corrected. When 
desired, the airborne web-drying units can be provided with a possibility of profiling, 
in which case the drying power produced by means of them can be regulated, for 
example, through blowing speed and/or temperature in the cross direction of the 
web, thus also making it possible to adjust the curl profile of the web. 

[00481 The impingement hood 34 can also be accomplished, when needed, such 
that its power can be profiled in the cross direction. The roll or cylinder 33, 53 
arranged in connection with the impingement hood can be in structure of the drying 
cylinder type, a paper guide roll or a suction roll, for example, a suction roll, without 
an internal suction box, of the type marketed by [ t h e a p plican t ! Metso Paper. Inc. 
under the trademark VACH.ROLL. 

[00491 FfigtlG. 3 is a schematic view of one paper machine in which one 
embodiment of the invention is used. Stock is fed from a headbox H of the paper 
machine to a web forming section F, in which a web W is formed and water is 
removed from it. In a press section P, water is removed further from the web in press 
nips, whereafter the web W is passed to a forward dryer section D. The forward 
dryer section D comprises several downward open drying groups GI, G2..f-|\G6 that 
apply [singl e - wir e l s ingle-wire draw. After the forward dryer section D, the web W 
runs through a measuring unit M to a surface-sizing unit 20, after which the web W 
is dried from both sides by airborne web-dryers 3 1, 32 placed on both sides of the 



Page 17 of 24 



web, the power of each of which airborne web-dryers 31,32 can be regulated 
separately to control the tendency to curling. The web is passed over a roll/cylinder 
33 to the next airborne web-drying stage, in which the web is further dried from both 
sides by an airborne web-dryer 35, 36 placed on both sides of the web, which 
airborne web-dryers can be controlled separately such that the tendency to curling 
can be controlled by means of drying power. When desired, the airborne web-drying 
units 3 1, 32, 35, 36 can also be controlled in the cross direction of the web W, 
whereby it is also possible to affect the curl profile. After that there is a holding 
group 40 formed of cylinders/rolls and serving as a holding group, which holding 
group 40 comprises a cylinder/roll 41, 42, 43, 44 and a wire 46 as well as a steam 
box 45 placed in connection with the cylinder/roll 43 of the lower row. After that the 
web is calendered in a calender C, whereafter the web W is passed to a reel-up R to 
wind the web into machine reels. 

[00501 FfigtlG. 4 is a schematic view of an embodiment of the invention which 
uses so-called vertical impingement units 72,_73, 74 and, with respect to their further 
details, reference may be made, for example, to [ t h e a p plicau t 'sl Metso Paper. 
Inc.'s FI patent application 20002429. Each vertical impingement unit 72,_73, 74 
comprises impingement hoods 91, 92 which are placed substantially perpendicularly 
to a substantially horizontal machine direction and in which a web W runs on 
support of wires 95 in the impingement units 72,J74 placed above the web W above 
the machine plane and, in the impingement units 73 placed below, the web W runs 
on support of a wire 79 of a holding group. The wire draw is supported by means of 
alignment and guide rolls 94 and reversing cylinders or rolls 93. In the embodiment 
shown in FfigJIG. 4, a surface-sizing unit 20 is followed by an airborne web-dryer or 
infrared dryer 70 that dries the web W from both sides and after which the 
impingement drying units 72,_73, 74 are arranged in connection with holding groups 
that apply single-wire draw. From the airborne web-dryer or infrared dryer 70 the 
web W is passed over a reversing suction roll 71 to the first impingement drying 
unit, which is followed by ftfrefa holding groupf-79} which applies single-wire draw 
and whose wire is denoted with the reference numeral 79 and in connection with 
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which one impingement drying unit 73 is placed. The cylinders of the holding group 
are designated by the reference numerals 15,16, 11 and 78. The latter upper 
impingement unit 74 is followed by a holding group, whose wire is designated by 
the reference numeral 83 and whose cylinders/rolls are designated by the reference 
numerals 81,_82. From the reversing suction roll 71 the web W is passed to the first 
impingement drying unit 72, in which the web is dried on the top surface and its curl 
is controlled by means of drying blows produced by the impingement hoods 91, 92. 
After that the web W is passed to the so-called lower impingement drying unit 73, 
which dries the other side of the web W and which can also be curl-controllable in 
its structure, whereafter there is a holding group that applies single-wire draw and in 
which the cylinders are designated by the reference numerals 15,11 and the wire by 
the reference numeral 79 and the reversing suction rolls by the reference numerals 
16,1$. After that there is further one so-called vertical impingement drying unit 74, 
whose structure corresponds, for example, to that of the first upper impingement 
drying unit 72 and which can also be curl-controllable in respect of its structure and 
adjustable in respect of its blowing speeds and power. After that there is further a 
group which is formed by a cylinder 8 1 and a wire 83 as well as a reversing suction 
roll 82 and serves as a holding group. In FfigtlG. 4, suction boxes 99 placed at 
locations of transfer of the web are used for guiding the web W and for assuring the 
transfer. In the holding groups, the cylinders are in the upper row, except at the 
impingement units, and the reversing suction rolls are in the lower row. 

[00511 In the schematic embodiment shown in FfigJIG. 5, both airborne 
web-drying and impingement drying are used for control of the curl of the web W. 
The web W is passed from a surface-sizing unit 20 to airborne web-drying 
accomplished by means of airborne web-drying units 31, 32 placed on both sides of 
the web W, the power of which airborne web-drying units can be advantageously 
regulated and which airborne web-drying units can also be advantageously 
controlled in the cross direction of the web W to control the curl profile. The 
airborne web-drying is followed by a so-called vertical impingement drying unit 72, 
in which the web W is dried on its top surface. Hoods of the impingement unit are 
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denoted with the reference numerals 91, 92 and during impingement drying the web 
W runs on support of a wire 95. After that the web W is passed to the next 
impingement drying unit 73, in which the web W is dried from its other side and the 
structure of which corresponds, for example, to that described above. Of course, the 
dimensions of the hoods and the heights of the units are dimensioned as needed. The 
impingement units can be controlled in respect of their blowing speed and power. 
After that the web W is passed to airborne web-drying, which is accomplished by 
means of airborne web-dryers 35, 36 placed on both sides of the web W. After that 
there is a holding group whose wire is designated by the reference numeral 87 and 
upper-row cylinders by the reference numerals 84, 86 and lower reversing suction 
roll by the reference numeral 85._ 

[00521 In the exemplifying embodiment of the invention shown in FfigHG. 6, the 
web W is passed from a size press 20 to an airborne web-drying portion, which is 
formed by airborne web-drying units 3 1, 32 placed on both sides of the web W. 
After that, in the after-drying there is a cylinder drying portion 1 00 that applies 
cylinder drying and which in the embodiment of the invention shown in FfigJIG. 6 
comprises two drying groups 101 and 102 that apply normal single- wire draw, the 
drying wire of said drying groups being denoted with the reference numeral 1 05 and 
the drying cylinders of them with the reference numeral 104 and the reversing 
rolls/reversing cylinders of them with the reference numeral 103. After this cylinder 
drying portion 100 there follows airborne web-drying in two airborne web-drying 
units, in both of which the web is dried by means of airborne web-drying units 35, 
36, 37, 38 placed on both sides of the web W, and finally there follows a cylinder 
group which serves as a drive group and comprises a drying wire 87, drying 
cylinders 86 and 84 and a reversing cylinder 85. After a calender C the web is passed 
to a reel-up R. In this embodiment of the invention, the tendency of curling of the 
web created in a forward dryer section is controlled primarily by adjusting the drying 
parameters of the airborne web-drying units. More drying can be arranged 
particularly for the top surface of the web by adjusting the heat and/or the blowing 
speed of the airborne web-drying unit on the top side to be higher than that/those of 
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the airborne web-drying unit underneath the web. In addition, the control of the 
tendency to curling can be affected by adjusting the drying parameters of drying 
cylindersf-iOt, for example, the regulation of steam pressure is used for affecting the 
surface temperature of the cylinders and, thereby, the proportion of the drying 
applied to the bottom side of paper. 

[00531 In the exemplifying embodiment of the invention shown in FfigflG. 7, the 
web is passed from a size press (not shown) to an airborne web-drying portion, 
which is formed by airborne web-dryers 31, 32 placed on both sides of the web W, 
after which there follows, as in the embodiment shown in FfigJIG. 6, a cylinder 
drying portion 100 comprising two drying groups 101, 102 that apply normal 
single-wire draw. Whereafter the web is passed to a vertical impingement drying 
group 1 10 by means of cylinders 107 and 108. Impingement drying hoods are 
denoted with the reference numerals 91, 92 and 96, of which the hood 96 is placed in 
connection with a reversing cylinder 93 and the impingement hoods 91, 92 on the 
substantially vertical runs of the web. The guide rolls of the impingement group are 
denoted with the reference numeral 94 and the runnability components supporting 
the running of the web are denoted with the reference numeral 105. After the 
impingement drying the web is passed to a drive group, which is formed by cylinders 
82 and 84 and from which the web is passed over a reversing cylinder 82 to a 
calender C. 

[00541 T he exemplifying embodiment of the invention shown in FfigflG. 8 
corresponds in its essential parts to that shown in FfigJIG. 7, with the difference that 
the reversing cylinder VAC ROLL placed in the position 88 has been replaced with a 
cylinder/a smooth or grooved guide roll. 

[00551 In the fffFigures described above, the blowing speeds and powers of the 
airborne web-dryers and impingement drying units can be regulated, when needed, 
to accomplish the control of curl and, in addition, they may also enable the control of 
curl to be profiled in the cross direction of the web W. 
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[00561 In connection with the figure, it shall be particularly taken into account that 
the dimensions of the impingement hoods and the heights of the units are meant as a 
general guide and their dimensioning is accomplished as needed. 



[00571 The invention has been described above only with reference to some of its 
5 advantageous exemplifying embodiments, but the invention is not by any means 
meant to be narrowly limited to the details of them, f- 
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Abs t rac t- 
iv e inven t ion r e la t es to a m e thod in t h e t r e a t m e n t o f suface-siz e d paper, in 
par t icular fin e paper; in a finishing s e ction o f a paper machin e . In the m e thod 
at 
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ABSTRACT OF THE DISCLOSURE 
A paper web (W) is [ firs t ] dried in a forward dryer section (D) of ftheja paper 
machine in [ several successive] downward open drying groups (G,... G 6 ) that apply 
single- wire draw [, aft e r which t he pap e r w e b (W) is finish e d in t h e finishing 
sec t ion. In t he] . Then, in a finishing section the web (W) is surface-sized in a 
surface-sizing unit (20) and dried [. According to t h e inv e n t i o n, in t h e m et hod, t h e 
surfac e -sized pap e r w e b (W> is mainly dri e d by means o fl mainly by 
contact-free dryin g[. Th e w e b (W) is dri e d at least} : partly b y[ means of] airbone 
web-dryers (31, 32, 34, 36) or by [m e ans of ] impingement drying. [In t h e me t h o d, 
tJThe power of the airbone web-drying/impingement drying is regulated on both 
sides of the web (W) such that the tendency of curling created in the web (W) in the 
forward dryer section (D) can be controlled. [ In addi t i o n, th e inven t ion r e la te s to a 
finishing s e c t ion of a paper machine in th e t r e atmen t o f surface-siz e d paper, in 
particular fin e p ap e r, in t h e pap e r finishing sec t ion. B e for e t he finishing 
s e c t i o n, t h e p aper machine c o mpris e s a forward dry e r sec t ion (D) in which 
t h e r e ar e several successiv e d o wnward op e n drying groups (G t 7rr-€ ^) that apply 
single-wir e draw. Th e finishing s e c t ion comprises surface-sizing devic e s (20) 
and drying means. According t o t h e inv e n t i o n, t he drying means of t he 
finishing s e c t i o n ar e mainly based o n c o n t ac t -fr ee drying. A t leas t on e o f t he 
m e ans ar e airb o rn e w e b-dryers/imping e m e nt dryers (31, 32, 35, 36), wh o se 
pow e r can be r e gula te d such t ha t t he t end e ncy o f curling of t h e w e b can be 
c o n t r o lled by t h e e ff e c t o f drying applied o n t h e differ e n t sides o f t h e w e b (W).] 
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